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SYSTEMS, METHODS, APPARATUS, AND
COMPUTER PROGRAM PRODUCTS FOR
PROVIDING FORWARD ERROR
CORRECTION WITH LOW LATENCY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/217,973, filed Mar. 18, 2014, which 1s a
continuation of U.S. patent application Ser. No. 11/874,484,
filed on Oct. 18, 2007, and 1ssuing as U.S. Pat. No. 8,707,
139 on Apr. 22, 2014, which claims the benefit of U.S.
Provisional Application No. 60/829,910 filed on Oct. 18,
2006. The entire disclosures of these earlier applications are
hereby incorporated by reference as if fully set forth herein.

BACKGROUND

Field

Example aspects of the present invention generally relate
to data coding and decoding and, more particularly, to
systems and methods for forward error correction (FEC)
coding and decoding 1n multi-link and/or multi-networks.

Related Art

U.S. Pat. Nos. 6,012,159, 6,272,658, 6,336,200, 6,570,

843, 6,609,223, and 7,024,609 and U.S. patent application
Ser. No. 11/276,225, filed on Feb. 17, 2006, and Ser. No.
11/316,197, filed Sep. 6, 2006, each patent and application
of which 1s incorporated herein by reference, describe meth-
ods for applying forward error correction (FEC) to protect
streams of data from outages. These methods also allow a
receiver to recover data which 1s lost 1n outages.
FEC encoding sometimes may introduce latency. For
example, 1 FEC 1s applied to a time window of x seconds,
then the receiver component may be required to bufler at
least x seconds of data to perform error correction decoding
on the data before 1t can be output to a player process.

In many applications, such as for the transmission of
video, 1t 1s desirable to begin outputting data with as little
delay as possible. For example, 1f the user 1s switching
channels between different video streams, it 1s undesirable to
require the user to wait for several seconds before viewing,
the new video stream.

The usefulness of the forward error correction methods
described 1n, for example, U.S. Pat. No. 6,609,223 increases
as the time window increases (that 1s, the FEC methods are
able to recover from larger outages when the time window
1s larger). Therefore, it 1s also desirable to allow the time
windows used to be large, for example, 30 seconds or more.

SUMMARY

In an example embodiment described herein, systems,
methods, apparatus and computer program products for
performing forward error correction are provided including
outputting source data at a rate less than the rate of a source
stream, building a builer, FEC decoding the source data, and
outputting the packets at a rate equal to the rate of the source
stream.

In another example embodiment described herein, sys-
tems, methods, apparatus and computer program products
for performing forward error correction are provided includ-
ing outputting source data at a rate less than the rate of the
source stream, building a bufler, correcting packet losses
while the bufler 1s being built, and outputting reconstructed
source packets at a rate equal to the rate of the source stream.
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In a further example embodiment described herein, sys-
tems, methods, apparatus and computer program products
for performing forward error correction are provided includ-
ing transmitting an FEC encoded stream using a time
window of t seconds, transmitting an unencoded stream
consisting of source packets shifted t seconds with respect to
the data in the source stream, receiving the FEC encoded
stream and the unencoded stream, outputting the unencoded
stream for the first t seconds, collecting data from the
encoded stream, after t seconds, FEC decoding the FEC
encoded stream, and outputting the decoded stream.

In yet another example embodiment described herein,
systems, methods, apparatus and computer program prod-
ucts for performing forward error correction are provided
including transmitting an FEC stream using a time window
of t seconds, transmitting a second stream consisting of
source packets shifted t seconds with respect to the data 1n
the FEC stream, receiving the FEC stream and the second
stream, outputting the second stream for the first t seconds,
collecting data from the FEC stream, after t seconds, FEC
decoding the FEC stream, and outputting the decoded FEC
stream.

In another example embodiment described herein, sys-
tems, methods, apparatus and computer program products
for performing forward error correction are provided includ-
ing receiving information about when one or more receivers
are operational, transmitting an FEC encoded stream using
a time window of t seconds, transmitting an unencoded
stream of source packets shifted t seconds with respect to the
data 1n the source stream, where the unencoded stream 1s
transmitted when a receiver 1s within the first t seconds of
receiving 1it, receiving the FEC encoded stream and the
second stream, outputting the unencoded stream for the first
t seconds, collecting data from the encoded stream, after t
seconds, FEC decoding the FEC encoded stream, and out-
putting the decoded stream.

In yet another embodiment described herein, a receiver
for providing forward error correction 1s described. The
receiver includes an output unit configured to output source
data at a rate less than the rate of a source stream, a bufler,
an FEC decoder configured to FEC decode the source data.
The output unit 1s further configured to output the packets at
a rate equal to the rate of the source stream.

In another embodiment, a receiver for providing forward
error correction 1s described. The receiver includes an output
unit configured to output source data at a rate less than the
rate of the source stream, a builer, a correction unit config-
ured to correct packet losses while the bufler 1s being built.
The output unit further configured to output reconstructed
source packets at a rate equal to the rate of the source stream.

In yet another embodiment a system for providing for-
ward error correction 1s provided. The system includes a
transmitter to transmit an FEC encoded stream using a time
window of t seconds and an unencoded stream consisting of
source packets shifted t seconds with respect to the data 1n
the source stream, and a receiver to receive the FEC encoded
stream and the unencoded stream, to output the unencoded
stream for the first t seconds, collect data from the encoded
stream, FEC decode the FEC encoded stream atfter t seconds,
and output the decoded stream.

In yet another embodiment, a system for providing for-
ward error correction, 1s described. The system includes at
least one transmitter to transmit an FEC stream using a time
window of t seconds and a second stream consisting of
source packets shifted t seconds with respect to the data 1n
the FEC stream, and a receiver to receive the FEC stream
and the second stream, output the second stream for the first
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t seconds, collect data from the FEC stream, FEC decoding
the FEC stream after t seconds, and output the decoded FEC
stream.

In an example embodiment described herein, a system for
providing forward error correction 1s provided. The system
includes at least one transmitter operable to receive infor-
mation about when one or more recervers are operational,
transmit an FEC encoded stream using a time window of t
seconds and an unencoded stream of source packets shifted
t seconds with respect to the data in the source stream, where
the unencoded stream 1s transmitted when a receiver i1s
within the first t seconds of receiving 1t, and a receiver
operable to receive the FEC encoded stream and the second
stream, output the unencoded stream for the first t seconds,
collect data from the encoded stream, FEC decode the FEC
encoded stream after t seconds, and output the decoded
stream.

Further features and advantages, as well as the structure
and operation, of various example embodiments of the
present imvention are described in detail below with refer-
ence to the accompanying drawings.

DETAILED DESCRIPTION OF THE DRAWINGS

The features and advantages of the example embodiments
of the imnvention presented herein will become more apparent
from the detailed description set forth below when taken 1n
conjunction with the drawings i which like reference
numbers indicate identical or functionally similar elements.

FIG. 1 depicts a diagram of a system for providing
forward error correction i accordance with an example
embodiment of the present invention.

FIG. 2 depicts a diagram of a transmitter system in
accordance with an example embodiment of the present
invention.

FIG. 3 depicts a diagram of a transmitter system in
accordance with an example embodiment of the present
invention.

FIG. 4 depicts a recetver system in accordance with an
example embodiment of the present invention.

FIG. 5 depicts a transmitter system 1n accordance with an
example embodiment of the present invention.

FIG. 6 depicts a receiver system in accordance with an
example embodiment of the present invention.

DETAILED DESCRIPTION

The present mvention 1s now described 1n more detail
herein 1n terms of exemplary systems, methods, apparatus
and computer program products for providing forward error
correction with low latency to live streams in networks.

This 1s for convenience only and 1s not intended to limat
the application of the present invention. In fact, after reading,
the following description, 1t will be apparent to one skilled
in the relevant art(s) how to implement the following
invention 1n alternative embodiments (e.g., 1n systems that
transmit and receive content in the form of files, 1n systems
which perform transmission over more than two networks,
etc.).

Generally, the example embodiments described below
describe methods and systems for applying FEC to a live
stream of data while maintaining both the ability to start
output quickly, and the ability to provide FEC protection
across a large window of data. These methods provide quick
output from the receiver at the expense of providing partial
or no error correcting capability during the 1nitial portion of
the output.
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FIG. 1 depicts a diagram of a system 100 for providing
forward error correction (“FEC”) in accordance with an
example embodiment of the present invention. As shown 1n
FIG. 1, system 100 includes a transmitter system 102
including a stream server 104, an FEC encoder 106 and a
packet transmitter 108. Stream server 104 outputs a stream
of data packets. The packet stream from stream server 104
1s fed to FEC encoder 106, which encodes the data to enable
error correction. In turn, the encoded data 1s fed to packet
transmitter 108 which communicates the packets through
typical transmission channels, such as satellite, mobile,
television broadcast systems, and the like.

FIG. 1 also depicts a recerver system 110 1n accordance
with an example embodiment of the present invention.
Receiver system 110 includes a packet receiver 112, an FEC
decoder and output rate controller 114 and a media player
116. Generally, packet receiver 112 receives packets from
transmitter system 102 and communicates the recerved
packets to FEC decoder and output rate controller 114. FEC
decoder and output rate controller 114 decodes the encoded
packets recerved by packet receiver 112 and controls the rate
in which they are output. In turn, the decoded packets are fed
to media player 116 to playback the transmitted content.

The above system operates in accordance with what 1s
referred to for convenience as case 1. In case 1, the output
rate of the received packets 1s modified by FEC decoder and
output rate controller 114. As described in the aforemen-
tioned patents and patent applications, the source data 1s
included 1n the output stream. This source data can be
accessed without applying FEC decoding and with little or
no delay. In case 1, a transmitter 102 sends an FEC encoded
data stream to one or more receivers, where the encoded data
stream has the properties that (1) each receiver can begin
decoding and outputting data after it has received the FEC
encoded data stream for t seconds, and (2) the source data 1s
included within the FEC encoded data stream, so that the
packets of the source data which are received can be
accessed without applying FEC decoding with little or no
delay.

When each recerver 110 starts, it begins outputting the
source data, without applying FEC decoding, at a rate less
than the rate of the source stream, e.g., at 95% of the rate of
the source stream. Because the output rate of the recerver 1s
less than the input rate, recerver 110 can build up a buller
(not shown). When 1t has collected information in its builer
equal to the latency required to perform FEC decoding,
receiver system 110 begins to perform FEC decoding and to
output the packets at the normal rate (e.g., a rate equal to the
rate of the source stream) using FEC decoder and output rate
controller 114.

The packets can be processed at a lower than normal rate
as well. For example, for a stream consisting of video and
audio, 1t 1s possible to play the stream at a slightly slower
rate than real-time without impacting the user experience.
Changing video frame rate 1s straightforward, while chang-
ing audio rates often involves correcting for a shift in pitch.

In another example embodiment, referred to herein as
case 2, the initial output rate 1s modified with partial
decoding. As described above with respect to case 1, when
receiver starts, 1t begins outputting the source data, without
applying FEC decoding, at a rate less than the rate of the
source stream. As the recerver system 110 begins to build up
a buller, 1t may be possible to correct for some packet losses,
even before enough bufler 1s available to implement the
complete FEC decoding process.

For example, when the FEC encoding consists of several
shares which are interleaved as described 1n U.S. Pat. No.
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6,609,223, and which may be shifted with respect to each
other as described 1n U.S. application Ser. No. 11/516,197,
it 1s possible to do the FEC decoding for a given share
containing N source packets and K FEC packets when at
least N packets have been received 1n total. In the decoding
techniques described 1n aforementioned patents and patent
applications the decoding process normally occurs after any
of the packets from the given share are received, and before
any of the corresponding source packets are output. The
packets of the given share are sent evenly distributed within
the time window of t seconds.

Partial decoding can take place whenever at least N
packets of the share have been received (this may take place
in less than t seconds, or 1 exactly t seconds if exactly N
packets of the share are received at all, including the last
packet), even 11 the output has not been delayed by t seconds.
At the time decoding takes place, all of the source packets
of the share can be recovered, but only the source packets
whose output time has not yet come are useful—it 1s 1n this
sense that the decoding 1s partial. For example, when the
delay has built up to the point that the output packets are
output t/2 seconds after their reception, recoverable source
packets which lie 1n the second half of the share containing,
them can be recovered prior to the need to output them.

In this way, the ability to recover missing source packets
builds up gradually and linearly as the bufler builds up,
beginning with no ability to recover missing source packets,
and ending with the properties described 1n the aforemen-
tioned patents and patent applications when the builer has
built up to include t seconds worth of data.

FIG. 2 depicts a diagram of a transmitter system 200 in
accordance with an example embodiment of the present
invention referred to for convenience as case 3. A stream
from stream server 202 1s split and fed to an FEC encoder
204 and a bufler 206 which buflers the packet stream for t
seconds. The encoded and buflered stream packets are fed to
a packet transmitter 208 which transmits both the encoded
packets and time shifted original stream packets.

In an example embodiment, transmitter system 200 sends
one data stream which 1s FEC encoded such that each
receiver can begin outputting decoded data after it has
received the FEC encoded data stream for t seconds. U.S.
Pat. No. 6,609,223 and U.S. application Ser. No. 11/516,197,
provide examples of transmitter/receiver encoding mecha-
nisms having these properties. Transmitter system 200 sends
a second stream consisting of source packets only, which are
shifted t seconds by bufler 206 with respect to the data 1n the
source stream.

T'hat 1s, the data in the unencoded stream
corresponds to the data of the encoded stream t seconds 1n
the past.

FIG. 4 depicts an example recerver system 400 1n accor-
dance with an example embodiment of the present invention
and corresponds to case 3 described above and case 3a
described below. Receiver system 400 includes a packet
recetver 402 and an FEC decoder 404, both of which feed an
output selector 406 which, i turn, feeds a media player 408.
Particularly, after t seconds of operation, receiver system
400 can begin doing FEC decoding on the encoded stream
using FEC decoder 404. Output selector 406 outputs the
received packets of an unencoded stream for the first t
seconds (without any forward error correction), and after t
seconds outputs data from FEC decoder 404. Because of the
time shifting between the streams, this results 1n a smooth
transition (that 1s, the unencoded stream 1s time-shifted to
match the latency introduced by the FEC decoding process).

Referring to FIG. 3, 1n another embodiment, referred to
herein for convenience as case 3a, transmitter system 300 1s
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tailored for video streaming applications. In such applica-
tions, the unencoded source stream used at the beginning of
reception 1n case 3 (described above with respect to FIG. 2)
may be replaced by an alternative encoding of the same
video content (for example, at lower quality or a lower
framerate) to reduce the overall bandwidth requirements.
Transmitter system 300 1ncludes a stream server 302 which
provides two packet streams, one having a lower quality or
a lower frame rate than the other. One packet stream 1s fed
to an FEC encoder 304 and the other 1s fed to buffer 306,
which builfers the packet stream for t seconds. The encoded
and bullered stream packets are fed to a packet transmitter
308 which transmits both the encoded packets and time
shifted alternative stream packets.

Receiver system 400 processes a transmission received 1n
accordance with case 3 as described above with respect to
FIG. 4.

FIG. 5 depicts an example transmitter system 3500 1n
accordance with an example embodiment of the present
invention. This embodiment, referred to for convenience as
case 4, 1s tailored for two-way (interactive) applications.
This case 1s similar to case 3. Case 3 has the advantage that
it does not require any special steps to be taken in playing
back the stream, but requires additional bandwidth. In some
cases, this additional bandwidth can be reduced. In case 4,
a portion of an additional stream 1s sent.

Retferring to FIG. 3, transmitter system 500 includes a
stream server 502 which feeds a packet stream to an FEC
encoder 504 and bufler 506 which buflers the stream packets
by t seconds. FEC encoder 504 feeds encoded packets to a
packet transmitter 508. Bufller 506 feeds the time shifted
original stream packets to a gate 510. Based on information
about which receivers are active, gate 510 either feeds the
time shifted original stream packets to packet transmitter
508, or discards them. Packet transmitter 508, in turn,
transmits both the encoded packets and the time shifted
original stream packets.

For a given receiver, the unencoded source stream used 1n
case 3 described above 1s only used for t seconds. In an
interactive application, where the transmitter receives infor-
mation about when receivers are recerving the stream (1.e.,
case 4), the transmitter can send the unencoded source
stream only when a receiver 1s within the first t seconds of
receiving 1t. This saves the additional bandwidth, whenever
a period of t seconds occurs without a receiver starting to
receive the stream.

FIG. 6 depicts an example receiver system 600 1n accor-
dance with an example embodiment of the present mven-
tion. As shown in FIG. 6, receiver system 600 includes a
packet recerver 602 to receive both the encoded packets and
time shifted original stream packets, from for example,
transmitter system 500 (1.e., case 4). The encoded packets
are decoded by FEC decoder 604 which, 1n turn, feeds the
decoded packets to an output selector 606. Packet receiver
602 also feeds the time shifted orniginal stream packets to
output selector 606. For the first t seconds of operation,
output selector 606 feeds the time shifted original stream
packets to a media player 608 for playback, and after t
seconds output selector 606 feeds the decoder packets to
media player 608 for playback. A report engine 610 com-
municates to the transmitter 500 information about when
this receiver 1s recerving the stream, by, for example, tele-
phone, satellite, modem, optical, or other hard-line or wire-
less medium.

For many applications, such as television, 1t may be that
most recervers start recerving the stream at close to the same
time, and a significant bandwidth savings may occur.
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In an alternative embodiment, the unencoded source
stream for the first t seconds can be delivered to each
receiver individually. The delivery can take place on an
alternative means (1.e., channel or other mechanism). In
addition, the unencoded source stream for the first t seconds
may be delivered at a faster rate so as to arrive 1n less than
t seconds.

The example embodiments of the invention (1.€., systems
100-600, and the processes described above, or any part(s)
or function(s) thereol) may be implemented using hardware,
soltware or a combination thereof and may be implemented
in one or more computer systems or other processing
systems. Useful machines for performing the operation of
the example embodiments presented herein include general
purpose digital computers or similar devices.

From a hardware standpoint, the transmitter and receiver
systems described above typically include one or more
components, such as one or more microprocessors, for
performing the arithmetic and/or logical operations required
for program execution, and storage media, such as one or
more disk drives or memory cards (e.g., flash memory) for
program and data storage, and a random access memory, for
temporary data and program instruction storage. From a
software standpoint, a processor typically includes software
resident on a storage media (e.g., a disk drive or memory
card), which, when executed, directs the processor in per-
forming transmission and reception functions. The processor
solftware may run on an operating system stored on the
storage media, such as, for example, UNIX or Windows
(e.g., NT, XP, Vista), Linux, and the like, and can adhere to
various protocols. As 1s well known 1n the art, processors can
run different operating systems, and can contain diflerent
types of software, each type devoted to a diflerent function,
such as handling and managing data/information from a
particular source, or transforming data/information from one
format 1nto another format. It should thus be clear that the
embodiments described herein are not to be construed as
being limited for use with any particular type of server
computer, and that any other suitable type of device for
facilitating the exchange and storage of information may be
employed 1nstead.

The transmitter and receiver systems described above
may include plural separate processors, where each 1s dedi-
cated to a separate application, such as, for example, a data
application, a voice application, and a video application.

Soltware embodiments of the example embodiments pre-
sented herein may be provided as a computer program
product, or software, that may include an article of manu-
facture on a machine-accessible or machine-readable
medium having 1nstructions. The instructions on the
machine-accessible or machine-readable medium may be
used to program a computer system or other electronic
device. The machine-readable medium may include, but i1s
not limited to, floppy diskettes, optical disks, CD-ROMs,
and magneto-optical disks or other type of media/machine-
readable medium sutable for storing or transmitting elec-
tronic instructions. The techniques described herein are not
limited to any particular software configuration. They may
find applicability 1n any computing or processing environ-
ment. The terms “machine-accessible medium” or
“machine-readable medium”™ used herein shall include any
medium that 1s capable of storing, encoding, or transmitting,
a sequence of mstructions for execution by the machine and
that cause the machine to perform any one of the methods
described herein. Furthermore, it 1s common 1n the art to
speak of software, in one form or another (e.g., program,
procedure, process, application, module, unit, logic, and so
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on) as taking an action or causing a result. Such expressions
are merely a shorthand way of stating that the execution of
the software by a processing system causes the processor to
perform an action to produce a result.

While various example embodiments of the present
invention have been described above, 1t should be under-
stood that they have been presented by way of example, and
not limitation. It will be apparent to persons skilled in the
relevant art(s) that various changes 1n form and detail can be
made theremn. Thus, the present invention should not be
limited by any of the above described example embodi-
ments, but should be defined only 1n accordance with the
following claims and their equivalents.

In addition, 1t should be understood that the FIGS. 1-6 are
presented for example purposes only. The architecture and
processes of the example embodiments presented herein are
su

iciently flexible and configurable, such that they may be
utilized in ways other than that shown 1n the accompanying
figures.

Further, the purpose of the foregomg Abstract 1s to enable
the U.S. Patent and Trademark Oflice and the public gen-
erally, and especially the scientists, engineers and practitio-
ners in the art who are not familiar with patent or legal terms
or phraseology, to determine quickly from a cursory inspec-
tion the nature and essence of the technical disclosure of the
application. The Abstract 1s not intended to be limiting as to
the scope of the example embodiments presented herein in
any way. It 1s also to be understood that the processes recited
in the claims need not be performed 1n the order presented.

What 1s claimed 1s:

1. A method for providing forward error correction (FEC),
comprising steps of:

recerving, by a packet receiver, source data at a first rate;

outputting, using an output selector, the source data at a

rate less than the first rate:

collecting, 1n a buil

er, the source data;
FEC decoding, using an FEC decoder, the source data,
thereby generating decoded data; and
alter completing the outputting, using the output selector,
the source data at the rate less than the first rate,
outputting, using the output selector, the decoded data
at a rate equal to the first rate, either after collecting the
source data in the buffer for a predetermined time
duration or after collecting a predetermined amount of
the source data 1n the buliler.
2. The method of claim 1, further Comprlsmg a step of:
triggering the step ol outputting using the output selector
the decoded data at the rate equal to the first rate, when
the source data has been collected 1n the buller for the
predetermined time duration.
3. The method of claim 1, further comprising a step of:
triggering the step of outputting using the output selector
the decoded data at the rate equal to the first rate, when
the predetermined amount of the source data has been
collected 1n the bufler.
4. A recerwver for providing forward error correction
(FEC), comprising:
a packet receiver configured to receive source data at a
first rate;
an output selector configured to output the source data at
a rate less than the first rate;
a bufler configured to collect the source data;
an FEC decoder configured to FEC decode the source
data, thereby generating decoded data; and
said output selector further configured to, after complet-
ing the output of the source data at a rate less than first
rate, output the decoded data at a rate equal to the first
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rate, either after collecting the source data in the buller
for a predetermined time duration or after collecting a
predetermined amount of the source data 1n the butler.
5. A non-transitory computer-readable medium having
stored therein a computer program that, when executed by a
computer processor, causes the computer processor to per-
form a method for providing forward error correction (FEC),
wherein the method comprises steps of:
receiving, by a packet receiver, source data at a {first rate;
outputting, using an output selector, the source data at a
rate less than the first rate;:
collecting the source data in a bufler;
FEC decoding, using an FEC decoder, the source data
thereby generating decoded data; and
after completing the outputting, using the output selector,
the source data at the rate less than the first rate,
outputting, using the output selector, the decoded data
at a rate equal to the first rate, either after collecting the
source data in the bufler for a predetermined time
duration or after collecting a predetermined amount of
the source data in the builer.
6. A method for providing forward error correction,
comprising steps of:
receiving, by a packet receiver, source packets at a first
rate;
outputting, using an output selector, the source packets at
a rate less than the first rate;
collecting the source packets 1n a buller;
correcting, using a correction unit, packet losses; and
after completing the outputting, using the output selector,
the source packets at the rate less than the first rate,
outputting, using the output selector, reconstructed
source packets at a rate equal to the first rate, either
alter collecting the source packets in the bufler for a
predetermined time duration or aiter collecting a pre-
determined amount of the source packe‘[s in the bufler.
7. The method of claim 6, further comprising a step of:
triggering the step of outputting, using the output selector,
the reconstructed source packets at the rate equal to the
first rate, when the source packets have been collected
in the bufler for the predetermined time duration.
8. The method of claim 6, further comprising a step of:
triggering the step of outputting, using the output selector,
the reconstructed source packets at the rate equal to the
first rate, when the predetermined amount of the source
packets has been collected 1n the buifler.
9. A receiver for providing forward error correction,
comprising;
a packet recerver configured to receive source packets at
a first rate;
an output selector configured to output the source packets
to a media player at a rate less than the first rate;
a buller configured to collect the source packets;
a correction unit configured to correct packet losses while
the bufler collects the source packets; and
said output selector further configured to, after complet-
ing the output of the source packets to the media player
at the rate less than the first rate, output to the media
player reconstructed source packets at a rate equal to
the first rate, either after collecting the source packets
in the bufler for a predetermined time duration or after
collecting a predetermined amount of the source pack-
cts 1n the buller.
10. A non-transitory computer-readable medium having
stored therein a computer program that, when executed by a
computer processor, causes the computer processor to per-
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form a method for providing forward error correction,
wherein the method comprises steps of:

(FF

(FF

recerving, by a packet receiver, source packets at a first
rate;

outputting, using an output selector, the source packets at
a rate less than the first rate to a media player;

collecting the source packets in a bufler;

correcting, during the collecting and using a correction
unit, packet losses; and

alter completing the outputting, using the output selector,
the source packets at the rate less than the first rate to
the media player, outputting, using the output selector,
reconstructed source packets to a media player at a rate
equal to the first rate, either after collecting the source
packets 1n the bufler for a predetermined time duration
or after Collectmg a predetermmed amount of the

source packets in the builer.
11. A method for providing forward error correction

H(C), comprising steps of:

recerving, by a packet recerver, video data at a first frame
rate;

outputting, using an output selector, the video data at a
frame rate less than the first frame rate to a media
player;

collecting the video data 1n a bufler;

FEC decoding, using an FEC decoder and during the
collecting, the video data, thereby generating decoded
video data; and

alter completing the outputting, using the output selector,
the source packets at the rate less than the first rate to
the media player, outputting to the media player the
decoded video data at a frame rate equal to the first

frame rate, either after collecting the video data in the

bufler for a predetermined time duration or after col-
lecting a predetermined amount of the video data 1n the
bufiler.

12. The method of claim 11, further comprising a step of:

triggering the step of outputting, using the output selector
the decoded video data at the frame rate equal to the
first frame rate, when the video data has been collected
in the bufler for the predetermined time duration.

13. The method of claim 11, further comprising a step of:

triggering the step of outputting, using the output selector,
the decoded video data at the frame rate equal to the
first frame rate, when the predetermined amount of the
video data has been collected 1n the builer.

14. A receiver for providing forward error correction

H(C), comprising:

a packet recerver configured to receive video data at a first
frame rate;

an output selector configured to output the video data to
a media player at a frame rate less than the first frame
rate;

a bufler configured to collect the video data;

an FEC decoder configured to FEC decode the video data
while the bufler collects the video data, thereby gen-
erating decoded video data; and

said output selector further configured, after completing
the output of the video data to the media player at the
frame rate less than the first frame rate, to output the
decoded video data to the media player at a frame rate
equal to the first frame rate, either after collecting the
video data in the bufler for a predetermined time
duration or after collectmg a predetermined amount of

the video data in the butler.
15. A non-transitory computer-readable medium having

stored therein a computer program that, when executed by a
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computer processor, causes the computer processor to per-
form a method for providing forward error correction (FEC),
wherein the method comprises steps of:
receiving, by an output selector, video data at a first frame
rate,
outputting, using an output selector, the video data to a
media player at a frame rate less than the first frame
rate,
collecting the video data 1n a bufler;

FEC decoding, using an FEC decoder and during the
collecting, the video data, thereby generating decoded
video data; and
after completing the outputting, using the output selector,

the video data to the media player at the frame rate less
than the first frame rate, outputting, using the output
selector, the decoded video data at a frame rate equal to
the first frame rate, either after collecting the video data
in the bufler for a predetermined time duration or after
collecting a predetermined amount of the video data 1n
the buliler.
16. The method of claim 1, wherein the source data 1s live
stream source data.
17. The recerver of claim 4, wherein the source data 1s live
stream source data.
18. The method of claim 6, wherein the source packets are
live stream source packets.
19. The receiver of claim 9, wherein the source packets
are live stream source packets.
20. The method of claim 11, wherein the video data 1s live
stream video data.
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